Objective-Erythemagenic (295-305 nm) ultraviolet-B (UVB) radiation is toxic to patients with systemic lupus erythematosus (SLE). Cool white fluorescent lamp emissions produce a similar toxicity even though the UVB radiation emitted is primarily at the relatively non-erythemagenic wavelength of 313 nm. The purpose of this study was to determine if fluorescent light, presumably acting predominantly along the 313 nm wavelength, exhibits photochemical activity sufficient to account for toxicity. Methods-The photochemical activity of fluorescent light was assessed by testing its capacity to activate urocanic acid, a plentiful and potent epidermal immunological mediator normally activated by polychromatic UVB radiation but activated maximally at 313 nm. Irradiation-induced isomerisation of trans-urocanic to cisurocanic acid, was quantitated by UV spectroscopy after separation of the isomers by high performance liquid chromatography. Results-Fluorescent light irradiation of solutions containing the photoreceptor trans-urocanic acid produced a cumulative conversion of trans-to cis-urocanic acid. This photochemical activity was compared with that oferythemagenic sunlamps, high in polychromatic UVB emissions. When normalised for UVB irradiance, the accumulation of cisurocanic acid produced by both light sources was essentially equivalent. Conventional The purpose of this study was to determine if fluorescent light, presumably acting predominantly along the 313 nm wavelength, exhibits photochemical activity sufficient to generate toxicity. We assessed the photochemical activity of fluorescent light by testing its capacity to activate urocanic acid, a plentiful and potent epidermal immunological mediator4 normally activated by polychromatic UVB radiation but activated maximally at 313 nm.5 Although used here for testing photochemical potential, activation of the urocanic acid pathway in vivo would itself have ample potential for affecting SLE, a disease of immune dysregulation.
The purpose of this study was to determine if fluorescent light, presumably acting predominantly along the 313 nm wavelength, exhibits photochemical activity sufficient to generate toxicity. We assessed the photochemical activity of fluorescent light by testing its capacity to activate urocanic acid, a plentiful and potent epidermal immunological mediator4 normally activated by polychromatic UVB radiation but activated maximally at 313 nm.5 Although used here for testing photochemical potential, activation of the urocanic acid pathway in vivo would itself have ample potential for affecting SLE, a disease of immune dysregulation.
The trans isomer of urocanic acid is a naturally occurring photoreceptor in epidermis and comprises up to 1% of human epidermis dry weight. The urocanic acid isomers were separated by high performance liquid chromatography. Samples were applied to a C 18 column (4.7 X 150 mm, Vydac TP218-5415) equilibrated in 0/1% trifluoroacetic acid and eluted with the same solution at 1 mi/minute. Absorbance at 277 nm was monitored on-line with a Gilson Holochrome detector, and integrals of the absorbance peaks were computed (Radiomatic Flo-One/Beta software). Separation of the urocanic acid isomers is illustrated in fig 1. Samples were diluted sufficiently to ensure that absorbances were linear with respect to concentration (verified by dilution and standard curves). The validity of OD277 as a measure of both cis-and trans-urocanic acid is supported by the observation that (cis + trans) values were equal to the value for trans- In one series of experiments, the fluorescent lamps were covered with a fine-mesh acrylic diffuser, a coarse-mesh acrylic diffuser or a sheet of polyester to decrease UVB emissions, and samples were irradiated for 48 hours as above.
Results

ISOMERISATION OF TRANS-TO CIS-UROCANIC ACID
Irradiation of trans-urocanic acid solutions with the panel of fluorescent lamps produced a time-dependent isomerisation of trans-to cisurocanic acid (fig 2A, solid circles) . After 48 hours of exposure to the fluorescent lamps, cisurocanic acid accounted for 34% of total urocanic acid. During this period no spontaneous isomerisation was observed (open circles), and the total amount of urocanic acid remained unchanged (not presented). Irradiation of similar samples with the panel of sunlamps produced a much more rapid increase in cis-urocanic acid ( fig 2B) . The isomerisation produced by irradiation with either type of lamp was stable for at least 48 hours post-irradiation, irrespective of the duration of exposure (not presented).
The net conversion of trans-to cis-urocanic acid produced by exposure to the sunlamps had reached approximately 65% after 120 minutes of irradiation. This appeared to represent the maximal photostationary state because additional irradiation failed to further increase cis-urocanic acid levels (see also below). In contrast, the apparent rate of isomerisation of trans-to cis-urocanic acid produced by irradiation with fluorescent lamps was relatively constant over the duration of exposure, and the percentage of cis-urocanic acid (34%) achieved after 48 Fluorescent light activates the immunomnodulator cis-urocanic acid in vitro a pathway along which this light source may be eliciting toxicity in SLE and suggest that UVB toxicity need not be intrinsically linked with the propensity of UVB photons to induce erythema or be absorbed by DNA. A dissociation between erythema and other UV-mediated dermal events is supported by the observation that sunscreens, although protective against the erythemagenic and carcinogenic effects of UVB, fail to retard the suppression of contact hypersensitivity.
As to a possible role for cis urocanic acid itself in fluorescent light-induced toxicity, it would seem that suppression by cis urocanic acid of cell mediated immunity may well be harmful to patients with SLE in whom cell mediated immunity is already impaired." Moreover, recent studies disclose that cisurocanic acid mediates this suppression by increasing levels of tumour necrosis factor-ox,'2 a cytokine shown to produce tissue damage in animals and humans with SLE.'3 Also of possible harm is the potent suppression of natural killer cells in vivo by ultraviolet wavelengths of 313-315 nm, an action that may be mediated by urocanic acid.'4 Natural killer cells downregulate immunoglobulin secretion and are already functionally impaired in SLE. 15 The potential relevance of the present in vitro findings to in vivo events is underscored by the fact that isomerisation of trans-to cisurocanic acid in vivo actually requires less photon energy than isomerisation in vitro.7 For example, 600 mJ of UVB radiation was required from either light source to increase the content of cis-urocanic acid from 0% to 30%, and even greater amounts were required to increase the amount from 30% to 60%. By contrast, 32 mJ of UVB elevated cis-urocanic acid levels to 60% in human skin and 96 mJ of UV increased dermal levels in mice from 4% to 31%.6 Thus the levels of fluorescent lamp UVB emissions shown to be capable of isomerising urocanic acid in the present in vitro studies are predicted to be at least as, if not more, effective in activating urocanic acid in vivo.
In summary, non-ionising radiation from fluorescent lamps possesses substantial photoimmunological activity, sufficient to activate a potent in vivo immunomodulatory pathway, potentially dangerous to patients with SLE.
Essentially monochromatic poorly erythemagenic 313 nm UVB photons appear to be responsible. The findings offer some basis for the reported noxiousness of fluorescent light in SLE.1 The failure of fluorescent lamp emissions to elicit the erythema that typically signals toxicity in SLE makes exposure to this light source somewhat insidious. Fortunately, acrylic diffusers, commonly used for aesthetic purposes, effectively eliminate these UVB emissions and should offer protection from whatever noxious actions these emissions and the trans/cis isomerisation of urocanic acid produce.
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